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:54) GLASS-CERAMIC COMPOSITE ELECTROLYTE AND LITHIUM SECONDARY BATTERY 

[57)Abstract: 

=>ROBLEM TO BE SOLVED: To provide electrolyte having high ionic 
conductivity and sufficient mechanical strength even having thin 
thickness by impregnating a nonaqueous electrolytic solution in a medium 
ncluding glass-ceramic powder of lithium ion conductivity. 
SOLUTION: Preferably, this composite electrolyte is so formed that a 
jlass ceramic body has a means grain size 20 |i,m or less (volume 
Taction) and the maximum grain size 44 |im or less, and composed of 
Darticles of lithium ion conductivity 1 x 10-4 S.cm-1 or more, a medium is 
"ormed by containing glass ceramic powder in a sheet polymer material, 
las the thickness 100 |j,m or less, and has the ionic conductivity 1 x 10-5 
S.cm-I or more, and the content of the glass-ceramic powder bodies in 
:he medium is 10-90 wt.%. This lithium secondary battery comprises a 
Dositive electrode current collecting element 1 , a positive electrode 2, 
jiass-ceramic composite electrolyte 3, a negative electrode 4, and a 
negative electrode current collecting element 5. The composite 
slectrolyte has lithium ion conductive glass-ceramic powder bodies 
iherein so as to provide a secondary battery with superior battery 
capacity. 
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CLAIMS 



;Claim(s)] 

[Claim IjA crystallized glass compound electrolyte with which a nonaqueous electolyte is impregnated into a 
Tiedium containing a lithium ion conductivity crystallized glass granular material. 

[Claim 2]The compound electrolyte according to claim 1 in which mean particle diameter of 20 micrometers or 
ess (volume fraction) and a maximum droplet size are 44 micrometers or less, and this crystallized glass granular 
Tiaterial consists of particles more than lithium ion conductivity 1x10 ""^S-cm"^ 

[Claim 3]The compound electrolyte according to claim 1 or 2 in which this medium contains a crystallized glass 
granular material in a sheet-shaped polymer material. 

[Claim 4]It is a compound electrolyte given in any 1 paragraph among claims 1-3 which are 100 micrometers or 
ess in thickness, and are more than ionic conductivity 1x10 ~^S-cm~^ 

[Claim 5]Content of a crystallized glass granular material in this medium is a compound electrolyte given in any 1 
Daragraph among claims 1-4 which are ten to 90 mass %. 

[Claim 6]A lithium secondary battery with which it is an anode, a negative electrode, and the lithium secondary 
Dattery provided with a separator, and this separator consists of a compound electrolyte given in any 1 paragraph 
among claims 1-5. 



Translation done.] 
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DETAILED DESCRIPTION 



^Detailed Description of the Invention] 

:oooi] 

yield of the Invention]This invention relates to the compound electrolyte containing a lithium ion conductivity 
crystallized glass granular material. This invention relates to the lithium secondary battery provided with this 
compound electrolyte. 
:0002] 

^Description of the Prior Art]Although the electrolysis solution of the drainage system or the non-drainage 
system was generally used as an electrolyte in a cell from the former, such a fluid replaces a central electrolyte 
n recent years, and the lithium secondary battery using the polymer electrolyte which comprised polymers came 
:o attract attention. 

]0003]That is, in this way, in the lithium secondary battery using a polymer electrolyte, since the electrolysis 
solution of a fluid was held in a polymer electrolyte, it was hard to spill liquid, and there was also little 
corrosiveness, it was simple for the structure of a cell, and had an advantage, like the assembly also becomes 
3asy. 

i0004]Here, since such a polymer electrolyte has the low conductivity of a lithium ion only compared with an 
electrolysis solution, making thickness of this polymer electrolyte thin came to be performed. However, when a 
Dolymer electrolyte was made thin in this way. that mechanical strength became low, this polymer electrolyte was 
destroyed at the time of production of a cell, and there was a problem of being easy to short-circuit an anode 
and a negative electrode. 

0005]Then, in the former, as shown in JP,6-1 40052,A etc., inorganic oxides, such as alumina, were added in the 
electrolyte, it was considered as the compound electrolyte, and raising a mechanical strength was proposed, 
inorganic oxides, such as silica and ulmin acid lithium, are proposed besides alumina. However, when inorganic 
Dxides, such as alumina, are made to add in an electrolyte, there is a problem to which the conductivity of the 
ithium ion in a compound electrolyte falls greatly. If it carries out by repeating charge and discharge in the lithium 
secondary battery provided with this compound electrolyte, an electrolyte and the above-mentioned inorganic 
Dxide will be reacted and the charge-discharge cycle characteristic in a lithium secondary battery will fall greatly. 
:0006] 

iProblem(s) to be Solved by the Invention]In the electrolyte with which a nonaqueous electolyte is impregnated 
nto a medium, an object of this invention is to provide the electrolyte which has sufficient mechanical strength 
Nhen it has high ion conductivity and thickness is made thin. In the lithium secondary battery provided with the 
electrolyte with which a nonaqueous electolyte is impregnated as a separator, cell capacity of this invention is 
ligh, a charge-discharge cycle characteristic's is good, and sets it as another purpose to provide the lithium 
secondary battery which can use being stabilized in the long run. 
:0007] 

[Means for Solving the Problem]A result of this invention persons having added various packing In an electrolyte, 
and having conducted a detailed experiment A crystallized glass compound electrolyte which made a crystallized 
5lass granular material of a specific presentation distribute and contain in a polymer medium with a nonaqueous 
slectolyte found out that the conductivity of a remarkable high lithium ion was shown compared with a compound 
3lectrolyte having contained an Inorganic oxide in which the conductivity of the conventional lithium Ion is not 
shown. If a compound electrolyte obtained here is applied to a lithium secondary battery, Compared with a case 
»/vhere a compound electrolyte having contained an inorganic oxide in which the conventional lithium ion 
conductivity is not shown is applied to a lithium secondary battery, cell capacity is high, and it discovers that a 
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)harge-discharge cycle characteristic also improves remarkably, and came to make this invention. 
^0008]Namely, the invention of this application according to claim 1 is a crystallized glass compound electrolyte 
vith which a nonaqueous electolyte is impregnated into a medium containing a lithium ion conductivity crystallized 
jiass granular material, The invention according to claim 2 this crystallized glass granular material Mean particle 
iiameter of 20 micrometers or less (volume fraction), And a maximum droplet size is 44 micrometers or less, and 
t is the compound electrolyte according to claim 1 which consists of particles more than lithium ion conductivity 
1x10 "^S-cm~V To a sheet-shaped polymer material, the invention according to claim 3 is a crystallized glass 
granular material the compound electrolyte according to claim 1 or 2 to contain, and this medium the invention 
iccording to claim 4, It is a compound electrolyte given in any 1 paragraph among claims 1-3 which are 100 
nicrometers or less in thickness, and are more than ionic conductivity 1x10 "^S-cm~\ The invention according to 
ilaim 5 is a compound electrolyte given in any 1 paragraph among claims 1-4 whose content of a crystallized 
jiass granular material in this medium is ten to 90 mass %, and the inventions according to claim 6 are an anode, a 
legative electrode, and the lithium secondary battery provided with a separator. This separator is a lithium 
secondary battery which consists of a compound electrolyte given in any 1 paragraph among claims 1-5. 
"0009]And when a compound electrolyte of this invention makes a lithium ion conductivity crystallized glass 
granular material contain in a lithium ion conductivity electrolyte. It is rare for the conductivity of a lithium ion in 
in electrolyte to fall, an electrolytic mechanical strength improves, and cell capacity, especially charging capacity 
:an also be further made high. 

;0010]Since the above-mentioned crystallized glass granular material has low reactivity, it decreases that an 
electrolysis solution and this crystallized glass react at the time of charge and discharge, It also decreases that 
an electrolyte reacts like an electrolyte which added inorganic oxides, such as conventional alumina, and the 
charge-discharge cycle characteristic of a lithium secondary battery falls. 

;001 1]Since an electrode area per unit volume of a cell is large and the thinner one can secure a compound 
slectrolyte of this invention when it is used as a cell, a cell of high capacity is obtained. Then, a compound 
electrolyte of this invention has [ a sheet shaped of 100 micrometers or less ] preferred thickness. As for a 
crystallized glass granular material, in a compound electrolyte of this invention, distributing uniformly in a medium 
s preferred in respect of the ion conductivity of a compound electrolyte, and a mechanical strength. In order to 
Tiake dispersibility good, as for particle diameter of a crystallized glass granular material, 20 micrometers or less 
are [ on an average ] preferred, and its 10 micrometers or less are more preferred. As a maximum droplet size, 44 
nicrometers or less are preferred. 

;0012]Since the mobility of a lithium ion at the time of charge and discharge of a rechargeable lithium-ion battery 
depends on electrolytic lithium ion conductivity, the higher one of lithium ion conductivity of a compound 
slectrolyte of this invention is preferred. It is specifically preferred that it is more than 1x10 ~^S-cm ^ and it is 
nore preferred that it is more than 1x10 ~^S-cm"^ More generally than lithium ion conductivity of the 
electrolysis solution itself, ionic conductivity of a gel solid electrolyte is low. As for electrolytic ion conductivity, 
ailing further is common, if the lithium ion conductivity of add-in material itself is low when adding an inorganic 
5xide, since a mechanical strength is increased to a gel solid electrolyte. However, if a lithium ion conductivity 
::rystallized glass granular material is used as add-in material, it is effective in preventing a fall of electrolytic 
ithium ion conductivity, and a compound electrolyte which has high ionic conductivity and sufficient mechanical 
strength after all can be obtained. As for a crystallized glass granular material as add-in material, in a compound 
electrolyte of this invention, it is desirable to consist of crystallized glass particles of lithium ion conductivity 
ligher than lithium ion conductivity of a compound electrolyte. Lithium ion conductivity of crystallized glass 
^articles which constitute a crystallized glass granular material is more than 1x10 ""^S-cm"^ preferably, and, 
specifically, is more than 1x10 "^S-cm"^ more preferably. 

"0013]Its things are [ having flexibility and containing a crystallized glass granular material in various shape from a 
Doint which can be fabricated at a sheet-shaped polymer material ] preferred while the medium which constitutes 
a compound electrolyte of this invention can enlarge cell capacity per volume when it uses as a cell. As for a 
Tiedium which constitutes a compound electrolyte of this invention, it is preferred that it is a porous body which 
nas a detailed hole so that a nonaqueous electolyte may be impregnated and it may become gelatinous material. 
^0014]As a sheet-shaped polymer material which constitutes a compound electrolyte of this invention, Polymer 
Tiaterials, such as fluoro-resins, such as polyolefines. such as polyethylene and polypropylene. 
Dolytetrafluoroethylene, polychlorotrifluoroethylene resin, and polyvinylidene fluoride, polyamide, and polyester 
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)olyacrylate, can be used. It is required that it can be stabilized and can impregnate with an electrolysis solution 
IS a material of a medium, that processability is good, that it excels in flexibility, that high ion conductivity with 
sufficient affinity with crystallized glass should be shown, etc. As what was provided with these character with 
jufficient balance, especially a fluoro-resin is preferred. 

001 5] As a solute which constitutes a nonaqueous electolyte in a compound electrolyte of this invention, For 
jxample, lithium hexafluorophosphorate (LiPFg), lithium tetrafluoroborate (LiBF4), Lithium perchlorate (LiCIO^), 
lexa full OROHI acid lithium (LiAsFg), Lithium compounds, such as lithium trifluoromethanesulfonate 
LiCF3S03LiCI04) and trifluoro methanesulfon acid imide lithium (LiN(CF3S02) can be used. As a solvent of 
:he above-mentioned solute, for example Ethylene carbonate. Organic solvents, such as propylene carbonate, 
)utylene carbonate, dimethyl carbonate, diethyl carbonate, gamma-butyrolactone, sulfolane, 1 ,2-dimethoxyethane, 
vood ether, and acetonitrile, can be used. The above-mentioned solute can be dissolved in the above-mentioned 
jolvent. and it can be considered as a nonaqueous electolyte, and can be used for a compound electrolyte of this 
nvention. As for a compound electrolyte of this invention, it is preferred that it is gel. By making a compound 
electrolyte into gel, high concentration can be stabilized and impregnated with a nonaqueous electolyte, and high 
on conductivity can be revealed. A compound electrolyte of this invention can be made into gel by using these 
lonaqueous electolytes. 

;0016]Here, if there is little the quantity when making a lithium ion conductivity crystallized glass granular material 
vhich has high ionic conductivity in an electrolyte as mentioned above contain, improvement in lithium ion 
conductivity of a compound electrolyte is not found, and intensity in a compound electrolyte cannot fully be 
•aised. Since content of an electrolysis solution will decrease on the other hand if the quantity increases too 
Tiuch, Since contact with a compound electrolyte and the above-mentioned crystallized glass granular material, 
and an electrode almost becomes solids, contact nature worsens and the mobility of a lithium ion between an 
electrode, a compound electrolyte, and the above-mentioned crystallized glass granular material worsens. Then, in 
\ compound electrolyte of this invention, as a minimum of content of a lithium-ion-conductivity crystallized glass 
granular material in a medium, more than 10 mass % is preferred, and more than 20 mass % is more preferred. As a 
Tiaximum, below 90 mass % is preferred, and below 80 mass % is more preferred. 

"001 7]A compound electrolyte of this invention contains a lithium ion conductivity crystallized glass granular 
material. As for this crystallized glass granular material, it is preferred that a main crystal phase consists of 
:;rystallized glass of l-i^^^^yaluminum^Ti2_^SiyP3_y0^2 (0<=x<=1, 0<=y<=1). This crystallized glass granular material 
leat-treats mother glass of a presentation of a Li20-Al203-Ti02-Si02-P205 system, It can obtain by making it 
i^rystallize as Li^^_^+yaluminum^Ti2_xSiyP3_y0^2» grinding a main crystal phase after that. As a parameter of 
•nain crystal phase Li^^^^yaluminum^Ti2^xSiyP3^y0^2' 0<=x<=1 and 0<=y<=1. and is 0<=x<=0.4 and 0< y<=0.6 
Tiore preferably. As composition ratio of oxide conversion of mother glass, it is a mol% display and, as for LigO, it 
s [ aluminum203 / Ti02 ] preferred [ 5 to 10% / 35 to 45% / Si02 / 1 to 10% / P2O5 ] 12 to 18% that it is 30 to 
40%. In the case of this composition range, the cast of the melting glass can be carried out, glass can be obtained 
2asily, and crystallized glass with the above-mentioned crystal phase produced by heat-treating this mother glass 
las high lithium ion conductivity. 

"001 8]A lithium secondary battery of this invention is provided with a crystallized glass compound electrolyte as 
an anode, a negative electrode, and a separator. In a lithium secondary battery of this invention, occlusion of 
ithium and a transition metal compound which can be emitted can be used as the main ingredients as a material 
jsed for the anode. For example, a transition metal oxide containing a transition metal and lithium, such as 
Tianganese, cobalt, nickel, vanadium, niobium, molybdenum, and titanium, can be used as the main ingredients. An 
anode which contains cobalt acid lithium as the main ingredients especially is excellent in respect of higher 
electromotive force and a cycle characteristic. 

[0019]In a lithium secondary battery of this invention, occlusion of metal lithium or lithium, an alloy which can be 

emitted, an oxide, a carbon material, etc. can be used as a material used for the negative electrode. 

[0020] 

[Embodiment of the Invention]A concrete example is hereafter given and described about the compound 
electrolyte concerning this invention, and the lithium secondary battery provided with this, and the point that the 
compound electrolyte which gives a comparative example and is built over this invention, and the lithium 
secondary battery provided with this are excellent is clarified. This invention is not limited to what was shown in 
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he following example, in the range which does not change the gist, is changed suitably and can be carried out. 
0021](Example 1) 

^s a production raw material of a lithium-lon-conductivity crystallized glass granular material, NH^HgPO^, 
i!uminum(P03) 3, Li2C03. Si02. Use TiOg and for these PgOg by mol% of oxide conversion 35.0%. For aluminum203 
jgO 7.5% 15.0%, After carrying out weighing and mixing uniformly so that it may become the presentation to which 
nOg was said 38.0% and to which SiOg was said as 4.5%, it put into the platinum pot, and the heating dissolution 
vas carried out for 2 hours, agitating glass melt at 1 500 ** among an electric furnace. Then, the cast of the glass 
nelt was carried out underwater directly, and mother glass was obtained. Target crystallized glass was obtained 
)y performing heat treatment of 12 hours for this mother glass at 950 **. As for the crystal phase which 
Jeposited. it was checked by powder X-ray diffractometry that Li,^.^+yaluminumj^Ti2_xSiyP3_y0^2 (0<-x<-0.4, 0< 

K=0.6) is a main crystal phase. The ionic conductivity of the crystallized glass was 1.4x10 S-cm in the room 
lemperature of 25 **. After grinding this crystallized glass using a planetary ball mill, the classification was 
)erformed, and the lithiumHon-conductivity crystallized glass granular material with a mean particle diameter of 7 
nicrometers was obtained. 

'0022]The 20 mass % injection of each granular material of the production polyvinylidene fluoride (PVdF) of a 
Tiedium. hexafluoropropylene (HFP), and the above-mentioned lithium-ion-conductivity crystallized glass was 
ione with the mass ratio of 35:40:25 at acetone, and acetone suspension was prepared. After forming this liquid 
vith casting method, vacuum drying was carried out and the 50-micrometer-thick sheet-shaped crystallized glass 
composite medium was produced. 

;0023]Lithium hexafluorophosphorate (LiPFg) was dissolved in the solvent which mixed preparation ethylene 
carbonate (EC) and dimethyl carbonate (DMC) of the nonaqueous electolyte with the mass ratio of 50:50 by the 
concentration of 1 mol/U and it was considered as the nonaqueous electolyte. 

;0024]The sheet shaped compound electrolyte which consists of gelatinous material was obtained by immersing 
:he production above-mentioned crystallized glass composite medium of a compound electrolyte in the above- 
Tientioned nonaqueous electolyte for 10 minutes at a room temperature. 

■0025]The compound electrolyte in which ****** of ionic conductivity was obtained was inserted with the 
stainless steel sheet of two sheets, and the sample for lithium ion conductometry was produced by using these 
stainless steel sheets as an electrode. As a result of performing impedance measurement in a room temperature 
and asking for ionic conductivity, ionic conductivity was 3.1x10 ""^S-cm'^ 

;0026](Comparative example 1) At the time of production of a medium, except having added an equivalent amount 
Df fumed silica (SiOg) by which surface ornamentation was carried out instead of lithium-ion-conductivity 
crystallized glass, the sheet-shaped compound electrolyte was produced like Example 1, and it asked for ionic 
conductivity in a similar manner. As a result, ionic conductivity was 1.7x10 "^S-cm"^ When Example 1 was 
compared with the comparative example 1 , the ionic conductivity of each compound electrolyte film brought a 
result with the higher double [ about ] example 1. This is an effect containing ion-conductive crystallized glass. 
[0027]The example of production of (Example 2) next an anode, a negative electrode, and the lithium secondary 
battery provided with the crystallized glass compound electrolyte as a separator is explained. 
[0028]Acetylene black was used for production of the production anodes of an anode as commercial cobalt acid 
lithium (LiCoOg) and a conducting agent as a positive electrode material, and fluororesin powder (polyvinylidene 
fluoride (PVdF)) was used for it as a binder. With the mass ratio, cobalt acid lithium of 82:10:8, acetylene black, 
and polyvinylidene fluoride were mixed using acetone, next this mixture was applied on 1 0-micrometer-thick 
aluminium foil with casting method. This was dried at the temperature of 100 **. This produced the sheet shaped 
anode about 100 micrometers thick on the positive pole collector (aluminium foil). 

[0029]The fluoro-resin (polyvinylidene fluoride (PVdF)) was used for production of the production negative 
electrodes of a negative electrode as 10-micrometer commercial graphite powder and a binder as a negative pole 
material. With the mass ratio, polyvinylidene fluoride was mixed with the graphite powder of 92:8 using acetone, 
next this mixture was applied on 1 0-micrometer-thick copper foil with casting method. This was dried at the 
temperature of 100 **. This produced the sheet shaped negative electrode about 100 micrometers thick on the 
negative pole collector (copper foil). 

[0030]The sheet shaped crystallized glass composite medium was produced like the production examples 1 of a 
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nedium. 

!0031]The nonaqueous electolyte was prepared like the preparation examples 1 of a nonaqueous electolyte. 
;0032]The above-mentioned sheet-shaped crystallized glass composite medium was put as a separator between 
:he anode of the assembly above of a lithium secondary battery, and the negative electrode, it pasted up with the 
iouble roller laminator, and 5 layered structure of a positive pole collector, an anode, the crystallized glass 
composite medium, the negative electrode, and the negative pole collector was assembled. This 5 layered 
structure was immersed in the above-mentioned nonaqueous electolyte for 10 minutes at the room temperature, 
and the crystallized glass composite medium was impregnated with the nonaqueous electolyte, it was considered 
as the compound electrolyte, and the lithium secondary battery provided with this compound electrolyte as a 
separator was produced. The amount of being impregnated of the nonaqueous electolyte was about 60% of the 
Tiass of the compound electrolyte. The structure of this lithium secondary battery is shown in drawing 1 . In the 
ithium secondary battery of drawing 1 , an anode and 3 show a crystallized glass compound electrolyte. 4 shows a 
legative electrode, and. as for a positive pole collector and 2, 1 shows a negative pole collector 5. One layer 
nade six more layers of this lithium secondary battery of 8 cm^ laminate, finished setting up a 400mAh class 
ithium secondary battery, and did the charge-and-discharge cycle test by constant current in the room 
lemperature of 25 **. In this examination, it was considered as the charge final voltage 4.2V, the discharge final 
/oltage 3.0V. and charge speed 10 mA/cm^. and the service capacity of the cell was measured. The energy 
capacity of this lithium secondary battery was 1480mWh. 

;0033](Comparative example 2) At the time of production of a medium, instead of a lithium-ion-conductivity 
crystallized glass granular material, Except having added an equivalent amount of powdered fumed silica (Si02) by 
/vhich surface ornamentation was carried out, the lithium secondary battery was produced like Example 2, the 
:)harge-and-discharge cycle test was done on the conditions, and the service capacity of the cell was measured. 
;0034]The measurement result of the initial service capacity of each cell and the service capacity of a 300 cycle 
Bye obtained by Example 2 and the comparative example 2 was shown in Table 1 . 
:0035] 

Table 1] 







(nAh/crf) 










7 A 


6.4 


iiMm2 


5.8 


5.2 



;0036]The cell of this example 2 is understood that service capacity is large compared with the comparative 
example 2 so that clearly from Table 1. The theoretical cell capacity in this cell is about 8 mAh/cm^, and by the 
Dell of Example 2, the very near value is shown and it also turns out that it has the outstanding cell performance. 
10037]Change of the service capacity accompanying the charging and discharging cycle of each cell obtained by 
Example 2 and the comparative example 2 was shown in drawing 2. 

[0038]Also in the first stage, the far large thing of service capacity of Example 2 is clearer also in a 300 cycle eye 
than in drawing 2 as compared with the initial capacity of the comparative example 2. That is, it became 
producible [ a high capacity lithium secondary battery ] by containing this lithium-ion-conductivity crystallized 
glass in an electrolyte. 

[0039](Example 3) The lithium secondary battery provided with the compound electrolyte like Example 2 was 
assembled, and. similarly the charge-and-discharge cycle test under the conditions of the charge final voltage 
4.2V and the discharge final voltage 3.0V was done with the application of 3 times as much boost charge in the 
room temperature of 25 ** as compared with Example 2. 

[0040](Comparative example 3) The lithium secondary battery was assembled like the comparative example 2, 
and, similarly the charge-and-discharge cycle test under the same conditions of the charge final voltage 4.2V and 
the discharge final voltage 3.0V was done with the application of 3 times as much boost charge in the room 
temperature of 25 ** as compared with Example 2. 

[0041 ]The measurement result of the initial service capacity of each cell and the service capacity of a 300 cycle 
eye obtained by Example 3 and the comparative example 3 was shown in Table 2. 
[0042] 
[Table 2] 
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(mAh/crf) 










7.1 


5.9 




5.4 


4.6 



0043]The cell of this example 3 is understood that service capacity is large compared with the comparative 
jxample 3, and it also turns out that it has the cell performance outstanding also in boost charge so that clearly 

rom Table 2. n u ■ u 

0044]Change of the service capacity accompanying the charging and discharging cycle of each cell obtained by 
ixample 3 and the comparative example 3 was shown in drawing 3 . 

:0045]Also in the first stage, the far large thing of service capacity of Example 3 is clearer also in a 300 cycle eye 
han in drawing 3 as compared with the initial capacity of the comparative example 3. 

p046](Example 4) The lithium secondary battery provided with the compound electrolyte like Example 2 was 
issembled, and it carried out by changing operating temperature in the charge-and-discharge cycle test under 
:he same conditions of the charge final voltage 4.2V and the discharge final voltage 3.0V. The examination was 
lone at each temperature of -10 **. 0 **, 25 **, 50 **, and 75 **. 

;0047](Comparative example 4) The lithium secondary battery was assembled like the comparative example 2, and 
t carried out by changing operating temperature in the charge-and-discharge cycle test under the same 
conditions of the charge final voltage 4.2V and the discharge final voltage 3.0V. The examination was done at 
jach temperature of -10 **, 0 **, 25 **. 50 **, and 75 **. 

;0048]Change of the value of the initial service capacity to the operating temperature of each cell obtained by 
Example 4 and the comparative example 4 was shown in drawing 4 . 

;0049]Even if the cell of Example 4 maintains big service capacity in -10 ** to 75 **. and a wide temperature 
■equirement and measures it with the comparative example 4, its excelling far is clearer than drawing 4 . 
■0050](Example 5), without using the used hexafluoropropylene HFP as a plasticizer at the time of production of a 
nedium. Each granular material of polyvinylidene fluoride (PVdF) and lithium-ion-conductivity crystallized glass is 
similarly used as acetone suspension with the mass ratio of 60:40. The lithium secondary battery provided with 
:he compound electrolyte like Example 2 was produced except having produced the sheet-shaped crystallized 
y|ass composite medium. The amount of being impregnated of the nonaqueous electolyte was about 18% of the 
Tiass of the compound electrolyte. 

■0051](Comparative example 5) At the time of production of a medium, the cell was produced like Example 5 
3xcept having added an equivalent amount of powdered fumed silica (SiOg) by which surface ornamentation was 
carried out instead of the lithium-ion-conductivity crystallized glass granular material. 

"0052]In the cell of Example 5 and the comparative example 4 which are not using the hexafluoropropylene (HFP) 
ivhich was being used as a plasticizer. In both cases, the impregnating ability of the electrolysis solution was bad 
and had only the rate of impregnation of about 30 percent as compared with the cell of Example 4 and the 
::omparative example 4 which use hexafluoropropylene (HFP). 

[0053]Change of the value of the initial service capacity to the operating temperature of each cell obtained by 
Example 5 and the comparative example 5 was shown in drawing 5 . 

[0054]The cell of the comparative example 5 which contains an electrolysis solution only about 30 percent as 
compared with the comparative examples 2-4 showed only very small service capacity. In the cell of Example 5 
which contains an electrolysis solution only about 30 percent in a similar manner compared with it. service 
capacity high enough was shown, it was almost equivalent to the comparative example 4, or the capacity beyond 
it was obtained. This is based on the predominance of the lithium-ion-conductivity crystallized glass which the 
compound electrolyte was made to contain.That is. also in the case where the rate of the electrolysis solution 
which is an organic liquid component in a lithium secondary battery is reduced, it has suggested that manufacture 
of a cell with service capacity high enough is possible, and the lithium secondary battery which was further 
excellent in safety as a result can be manufactured. 

[0055] _ . . 

[Effect of the Invention]In the object for lithium secondary batteries using a compound electrolyte L m / as 
described above / this invention ], Having made it make a lithium-ion-conductivity crystallized glass granular 
material contain in a compound electrolyte A sake. There is nothing about the conductivity of the lithium ion in 
this compound electrolyte falling, and the lithium secondary battery which has the cell capacity whose mechanical 
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itrength in a compound electrolyte improved and also which was excellent came to be obtained. 
0056]The outstanding lithium secondary battery with which the service capacity in a lithium secondary battery 
)eing large, and falling rapidly was also controlled since it was rare for the above-mentioned lithiumHon- 
:onductivity crystallized glass to react to the medium which consists of polymer materials at the time of charge 
md discharge came to be obtained. 

P057]ln order to improve safety, also in the case where an organic electrolysis liquid component is reduced, 
nanufacture of the lithium secondary battery with high service capacity was attained. 



Translation done.] 
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^ NOTICES * 

IPO and INPIT are not responsible for any 
lamages caused by the use of this translation. 

I. This document has been translated by computer. So the translation may not reflect the original precisely. 
; **** shows the word which can not be translated. 
J.In the drawings, any words are not translated. 



fECHNICAL HELD 

Field of the Invention]This invention relates to the compound electrolyte containing a lithium ion conductivity 
:rystallized glass granular material. This invention relates to the lithium secondary battery provided with this 
compound electrolyte. 



Translation done.] 
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^ NOTICES * 

IPO and INPIT are not responsible for any 
lamages caused by the use of this translation. 

I. This document has been translated by computer. So the translation may not reflect the original precisely. 
) **** shows the word which can not be translated. 
J.In the drawings, any words are not translated. 



3RI0R ART 

Description of the Prior Art]Although the electrolysis solution of the drainage system or the non-drainage 
jystem was generally used as an electrolyte in a cell from the former, such a fluid replaces a central electrolyte 
n recent years, and the lithium secondary battery using the polymer electrolyte which comprised polymers came 
:o attract attention. 

;0003]That is. in this way, in the lithium secondary battery using a polymer electrolyte, since the electrolysis 
solution of a fluid was held in a polymer electrolyte, it was hard to spill liquid, and there was also little 
^orrosiveness, it was simple for the structure of a cell, and had an advantage, like the assembly also becomes 

5asy. . 
■0004]Here, since such a polymer electrolyte has the low conductivity of a lithium ion only compared with an 
electrolysis solution, making thickness of this polymer electrolyte thin came to be performed. However, when a 
Dolymer electrolyte was made thin in this way. that mechanical strength became low. this polymer electrolyte was 
destroyed at the time of production of a cell, and there was a problem of being easy to short-circuit an anode 
and a negative electrode. 

:0005]Then, in the former, as shown in JP,6-140052,A etc.. inorganic oxides, such as alumina, were added in the 
slectrolyte, it was considered as the compound electrolyte, and raising a mechanical strength was proposed, 
fnorganic oxides, such as silica and ulmin acid lithium, are proposed besides alumina. However, when inorganic 
Dxides, such as alumina, are made to add in an electrolyte, there is a problem to which the conductivity of the 
ithium ion in a compound electrolyte falls greatly. If it carries out by repeating charge and discharge in the lithium 
secondary battery provided with this compound electrolyte, an electrolyte and the above-mentioned inorganic 
Dxide will be reacted and the charge-discharge cycle characteristic in a lithium secondary battery will fall greatly. 



[Translation done.] 
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^ NOTICES * 

IPO and INPIT are not responsible for any 
lamages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 
> **** shows the word which can not be translated. 
l.In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

Bffect of the Invention]In the object for lithium secondary batteries using a compound electrolyte [ in / as 
Jescribed above / this invention ], Having made it make a lithiumHon-conductivity crystallized glass granular 
naterial contain in a compound electrolyte A sake, There is nothing about the conductivity of the lithium ion in 
his compound electrolyte falling, and the lithium secondary battery which has the cell capacity whose mechanical 
strength in a compound electrolyte improved and also which was excellent came to be obtained. 
0056]The outstanding lithium secondary battery with which the service capacity in a lithium secondary battery 
>eing large, and falling rapidly was also controlled since it was rare for the above-mentioned lithium-ion- 
jonductivity crystallized glass to react to the medium which consists of polymer materials at the time of charge 
and discharge came to be obtained. 

;0057]In order to improve safety, also in the case where an organic electrolysis liquid component is reduced, 
nanufacture of the lithium secondary battery with high service capacity was attained. 



Translation done.] 
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^ NOTICES * 

IPO and I MP IT are not responsible for any 
lamages caused by the use of this translation. 

This document has been translated by connputer. So the translation may not reflect the original precisely. 
> **** shows the word which can not be translated. 
J.In the drawings, any words are not translated. 



rECHNICAL PROBLEM 

'Problem(s) to be Solved by the Invention]In the electrolyte with which a nonaqueous electolyte is impregnated 
nto a medium, an object of this invention is to provide the electrolyte which has sufficient mechanical strength 
vhen it has high ion conductivity and thickness is made thin. In the lithium secondary battery provided with the 
jlectrolyte with which a nonaqueous electolyte is impregnated as a separator, cell capacity of this invention is 
ligh, a charge-discharge cycle characteristic's is good, and sets it as another purpose to provide the lithium 
secondary battery which can use being stabilized in the long run. 



Translation done.] 
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NOTICES * 

IPO and INPIT are not responsible for any 
lamages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 
> **** shows the word which can not be translated. 
Hn the drawings, any words are not translated. 



^EANS 

^Means for Solving the Problem]A result of this invention persons having added various packing in an electrolyte, 
and having conducted a detailed experiment A crystallized glass compound electrolyte which made a crystallized 
jiass granular material of a specific presentation distribute and contain in a polymer medium with a nonaqueous 
3lectolyte found out that the conductivity of a remarkable high lithium ion was shown compared with a compound 
electrolyte having contained an inorganic oxide in which the conductivity of the conventional lithium ion is not 
shown. If a compound electrolyte obtained here is applied to a lithium secondary battery, Compared with a case 
where a compound electrolyte having contained an inorganic oxide in which the conventional lithium ion 
conductivity is not shown is applied to a lithium secondary battery, cell capacity is high, and it discovers that a 
charge-discharge cycle characteristic also improves remarkably, and came to make this invention. 
0008]Namely, the invention of this application according to claim 1 is a crystallized glass compound electrolyte 
with which a nonaqueous electolyte is impregnated into a medium containing a lithium ion conductivity crystallized 
;lass granular material, The invention according to claim 2 this crystallized glass granular material Mean particle 
diameter of 20 micrometers or less (volume fraction), And a maximum droplet size is 44 micrometers or less, and 
t is the compound electrolyte according to claim 1 which consists of particles more than lithium ion conductivity 
1x10 '^S-cm"^ To a sheet-shaped polymer material, the invention according to claim 3 is a crystallized glass 
granular material the compound electrolyte according to claim 1 or 2 to contain, and this medium the invention 
according to claim 4. It is a compound electrolyte given in any 1 paragraph among claims 1-3 which are 100 
■nicrometers or less in thickness, and are more than ionic conductivity 1x10 ~^S-cm~\ The invention according to 
Diaim 5 is a compound electrolyte given in any 1 paragraph among claims 1-4 whose content of a crystallized 
^lass granular material in this medium is ten to 90 mass %, and the inventions according to claim 6 are an anode, a 
negative electrode, and the lithium secondary battery provided with a separator, This separator is a lithium 
secondary battery which consists of a compound electrolyte given in any 1 paragraph among claims 1-5. 
10009]And when a compound electrolyte of this invention makes a lithium ion conductivity crystallized glass 
granular material contain in a lithium ion conductivity electrolyte, It is rare for the conductivity of a lithium ion in 
an electrolyte to fall, an electrolytic mechanical strength improves, and cell capacity, especially charging capacity 
Dan also be further made high. 

'0010]Since the above-mentioned crystallized glass granular material has low reactivity, it decreases that an 
slectrolysis solution and this crystallized glass react at the time of charge and discharge. It also decreases that 
an electrolyte reacts like an electrolyte which added inorganic oxides, such as conventional alumina, and the 
charge-discharge cycle characteristic of a lithium secondary battery falls. 

]001 1]Since an electrode area per unit volume of a cell is large and the thinner one can secure a compound 
slectrolyte of this invention when it is used as a cell, a cell of high capacity is obtained. Then, a compound 
electrolyte of this invention has [ a sheet shaped of 100 micrometers or less ] preferred thickness. As for a 
crystallized glass granular material, in a compound electrolyte of this invention, distributing uniformly in a medium 
is preferred in respect of the ion conductivity of a compound electrolyte, and a mechanical strength. In order to 
make dispersibility good, as for particle diameter of a crystallized glass granular material, 20 micrometers or less 
are [ on an average ] preferred, and its 10 micrometers or less are more preferred. As a maximum droplet size, 44 
micrometers or less are preferred. 

[0012]Since the mobility of a lithium ion at the time of charge and discharge of a rechargeable lithium-ion battery 
depends on electrolytic lithium ion conductivity, the higher one of lithium ion conductivity of a compound 
electrolyte of this invention is preferred. It is specifically preferred that it is more than 1x10 ~^S-cm~\ and it is 
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nore preferred that it is more than 1x10 ""^S-cm'V More generally than lithium ion conductivity of the 
electrolysis solution itself, ionic conductivity of a gel solid electrolyte is low. As for electrolytic ion conductivity, 
•ailing further is common, if the lithium ion conductivity of add-in material itself is low when adding an inorganic 
)xide, since a mechanical strength is increased to a gel solid electrolyte. However, if a lithium ion conductivity 
crystallized glass granular material is used as add-in material, it is effective in preventing a fall of electrolytic 
ithium ion conductivity, and a compound electrolyte which has high ionic conductivity and sufficient mechanical 
;trength after all can be obtained. As for a crystallized glass granular material as add-in material, in a compound 
electrolyte of this invention, it is desirable to consist of crystallized glass particles of lithium ion conductivity 
ligher than lithium ion conductivity of a compound electrolyte. Lithium ion conductivity of crystallized glass 
)articles which constitute a crystallized glass granular material is more than 1x10 ""^S-cm"^ preferably, and, 
specifically, is more than 1x10 ~^S-cm~^ more preferably. 

0013]Its things are [ having flexibility and containing a crystallized glass granular material in various shape from a 
)oint which can be fabricated at a sheet-shaped polymer material ] preferred while the medium which constitutes 
1 compound electrolyte of this invention can enlarge cell capacity per volume when it uses as a cell. As for a 
nedium which constitutes a compound electrolyte of this invention, it is preferred that it is a porous body which 
las a detailed hole so that a nonaqueous electolyte may be impregnated and it may become gelatinous material. 
;0014]As a sheet-shaped polymer material which constitutes a compound electrolyte of this invention. Polymer 
naterials, such as fluoro-resins, such as polyolefines, such as polyethylene and polypropylene, 
)olytetrafluoroethylene, polychlorotrifluoroethylene resin, and polyvinylidene fluoride, polyamide, and polyester 
)olyacrylate, can be used. It is required that it can be stabilized and can impregnate with an electrolysis solution 
js a material of a medium, that processability is good, that it excels in flexibility, that high ion conductivity with 
sufficient affinity with crystallized glass should be shown, etc. As what was provided with these character with 
sufficient balance, especially a fluoro-resin is preferred. 

;001 5]As a solute which constitutes a nonaqueous electolyte in a compound electrolyte of this invention. For 
example, lithium hexafluorophosphorate (LiPFg). lithium tetrafluoroborate (LiBF^). Lithium perchlorate (LiCIO^), 

lexa full OROHI acid lithium (LiAsFg), Lithium compounds, such as lithium trifluoromethanesulfonate 

:LiCF3S03LiC10^) and trifluoro methanesulfon acid imide lithium (LiNCCFgSOg) g). can be used. As a solvent of 

:he above-mentioned solute, for example Ethylene carbonate. Organic solvents, such as propylene carbonate, 
)utylene carbonate, dimethyl carbonate, diethyl carbonate, gamma-butyrolactone, sulfolane, 1 ,2-dimethoxyethane, 
vood ether, and acetonitrile, can be used. The above-mentioned solute can be dissolved in the above-mentioned 
solvent, and it can be considered as a nonaqueous electolyte, and can be used for a compound electrolyte of this 
nvention. As for a compound electrolyte of this invention, it is preferred that it is gel. By making a compound 
electrolyte into gel, high concentration can be stabilized and impregnated with a nonaqueous electolyte, and high 
on conductivity can be revealed. A compound electrolyte of this invention can be made into gel by using these 
nonaqueous electolytes. 

;0016]Here, if there is little the quantity when making a lithium ion conductivity crystallized glass granular material 
vhich has high ionic conductivity in an electrolyte as mentioned above contain, improvement in lithium ion 
conductivity of a compound electrolyte is not found, and intensity in a compound electrolyte cannot fully be 
aised. Since content of an electrolysis solution will decrease on the other hand if the quantity increases too 
Tiuch, Since contact with a compound electrolyte and the above-mentioned crystallized glass granular material, 
ind an electrode almost becomes solids, contact nature worsens and the mobility of a lithium ion between an 
electrode, a compound electrolyte, and the above-mentioned crystallized glass granular material worsens. Then, in 
a compound electrolyte of this invention, as a minimum of content of a lithium-ion-conductivity crystallized glass 
jranular material in a medium, more than 10 mass % is preferred, and more than 20 mass % is more preferred. As a 
Tiaximum, below 90 mass % is preferred, and below 80 mass % is more preferred. 

"001 7]A compound electrolyte of this invention contains a lithium ion conductivity crystallized glass granular 
Tiaterial. As for this crystallized glass granular material, it is preferred that a main crystal phase consists of 
:)rystallized glass of Li^+^+yaluminum^Ti2_j^SiyP3_y0^2 (0<=x<=1, 0<=y<=1). This crystallized glass granular material 
leat-treats mother glass of a presentation of a Li20-Al203-Ti02-Si02-P205 system. It can obtain by making it 
crystallize as l-i^+x+y3'""^'""'^x^'2-x^'y'^3-y^12' grinding a main crystal phase after that. As a parameter of 
nain crystal phase Li^+^+yaluminum^Ti2,j^SiyP3„y0^2' 0<=x<=1 and 0<=y<=1. and is 0<=x<=0.4 and 0< y<=0.6 
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nore preferably. As composition ratio of oxide conversion of mother glass, it is a mol% display and, as for Li20, it 

s [ aluminum^Og / Ti02 ] preferred [ 5 to 10% / 35 to 45% / Si02 / 1 to 10% / P2O5 ] 12 to 18% that it is 30 to 

\0%. In the case of this composition range, the cast of the melting glass can be carried out, glass can be obtained 
jasily, and crystallized glass with the above-mentioned crystal phase produced by heat-treating this mother glass 
las high lithium ion conductivity. 

'001 8]A lithium secondary battery of this invention is provided with a crystallized glass compound electrolyte as 
jn anode, a negative electrode, and a separator. In a lithium secondary battery of this invention, occlusion of 
ithlum and a transition metal compound which can be emitted can be used as the main ingredients as a material 
jsed for the anode. For example, a transition metal oxide containing a transition metal and lithium, such as 
nanganese, cobalt, nickel, vanadium, niobium, molybdenum, and titanium, can be used as the main ingredients. An 
mode which contains cobalt acid lithium as the main ingredients especially is excellent in respect of higher 
jlectromotive force and a cycle characteristic. 

'0019]In a lithium secondary battery of this invention, occlusion of metal lithium or lithium, an alloy which can be 

emitted, an oxide, a carbon material, etc. can be used as a material used for the negative electrode. 

:0020] 

"Embodiment of the Invention]A concrete example is hereafter given and described about the compound 
electrolyte concerning this invention, and the lithium secondary battery provided with this, and the point that the 
compound electrolyte which gives a comparative example and is built over this invention, and the lithium 
secondary battery provided with this are excellent is clarified. This invention is not limited to what was shown in 
:he following example, in the range which does not change the gist, is changed suitably and can be carried out. 
:0021](Example 1) 

\s a production raw material of a lithium-ion-conductivity crystallized glass granular material, NH^HgPO^, 

jIuminumCPOg) 3, LigCOg. SiOg. Use TiOg and for these PgO^ by mol% of oxide conversion 35.0%. For aluminumgOg 

J2O 7.5% 15.0%. After carrying out weighing and mixing uniformly so that it may become the presentation to which 

nOg was said 38.0% and to which SiOg was said as 4.5%, it put into the platinum pot. and the heating dissolution 

vas carried out for 2 hours, agitating glass melt at 1500 ** among an electric furnace. Then, the cast of the glass 
nelt was carried out underwater directly, and mother glass was obtained. Target crystallized glass was obtained 
Dy performing heat treatment of 1 2 hours for this mother glass at 950 **. As for the crystal phase which 
deposited, it was checked by powder X-ray diffractometry that l-ii+x+y®'""^'"""^x^'2-x^'y^3-y^l2 (0<=x<=0.4, 0< 

o _1 

/<=0.6) is a main crystal phase. The ionic conductivity of the crystallized glass was 1.4x10 S-cm in the room 
:emperature of 25 **. After grinding this crystallized glass using a planetary ball mill, the classification was 
performed, and the lithium-ion-conductivity crystallized glass granular material with a mean particle diameter of 7 
Tiicrometers was obtained. 

l0022]The 20 mass % injection of each granular material of the production polyvinylidene fluoride (PVdF) of a 
nedium, hexafiuoropropylene (HFP), and the above-mentioned lithium-ion-conductivity crystallized glass was 
ione with the mass ratio of 35:40:25 at acetone, and acetone suspension was prepared. After forming this liquid 
/vith casting method, vacuum drying was carried out and the 50-micrometer-thick sheet-shaped crystallized glass 
composite medium was produced. 

'0023]Lithium hexafluorophosphorate (LiPFg) was dissolved in the solvent which mixed preparation ethylene 

::arbonate (EC) and dimethyl carbonate (DMC) of the nonaqueous electolyte with the mass ratio of 50:50 by the 
:)oncentration of 1 mol/L, and it was considered as the nonaqueous electolyte. 

]0024]The sheet shaped compound electrolyte which consists of gelatinous material was obtained by immersing 
:he production above-mentioned crystallized glass composite medium of a compound electrolyte in the above- 
Tientioned nonaqueous electolyte for 10 minutes at a room temperature. 

'0025]The compound electrolyte in which ****** of ionic conductivity was obtained was inserted with the 
stainless steel sheet of two sheets, and the sample for lithium ion conductometry was produced by using these 
stainless steel sheets as an electrode. As a result of performing impedance measurement in a room temperature 
and asking for ionic conductivity, ionic conductivity was 3.1x10 "^S-cm"V 

]0026](Comparative example 1) At the time of production of a medium, except having added an equivalent amount 
Df fumed silica (SiO J by which surface ornamentation was carried out instead of lithium-ion-conductivity 
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:rystallized glass, the sheet-shaped compound electrolyte was produced like Example 1, and it asked for ionic 

conductivity in a similar manner. As a result, ionic conductivity was 1.7x10 "'^S-cm ^ When Example 1 was 
compared with the comparative example 1 , the ionic conductivity of each compound electrolyte film brought a 
esult with the higher double [ about ] example 1. This is an effect containing ion-conductive crystallized glass. 
0027]The example of production of (Example 2) next an anode, a negative electrode, and the lithium secondary 
)attery provided with the crystallized glass compound electrolyte as a separator is explained. 
;0028]Acetylene black was used for production of the production anodes of an anode as commercial cobalt acid 
ithium (LiCoOg) and a conducting agent as a positive electrode material, and fluororesin powder (polyvinylidene 

luoride (PVdF)) was used for it as a binder. With the mass ratio, cobalt acid lithium of 82:10:8, acetylene black, 
md polyvinylidene fluoride were mixed using acetone, next this mixture was applied on 10-micrometer-thick 
iluminium foil with casting method. This was dried at the temperature of 100 **. This produced the sheet shaped 
mode about 100 micrometers thick on the positive pole collector (aluminium foil). 

;0029]The fluoro-resin (polyvinylidene fluoride (PVdF)) was used for production of the production negative 
jlectrodes of a negative electrode as 10-micrometer commercial graphite powder and a binder as a negative pole 
Tiaterial. With the mass ratio, polyvinylidene fluoride was mixed with the graphite powder of 92:8 using acetone, 
lext this mixture was applied on 10-micrometer-thick copper foil with casting method. This was dried at the 
:emperature of 100 **. This produced the sheet shaped negative electrode about 100 micrometers thick on the 
negative pole collector (copper foil). 

;0030]The sheet shaped crystallized glass composite medium was produced like the production examples 1 of a 
nedium. 

'003l3The nonaqueous electolyte was prepared like the preparation examples 1 of a nonaqueous electolyte. 
'0032]The above-mentioned sheet-shaped crystallized glass composite medium was put as a separator between 
:he anode of the assembly above of a lithium secondary battery, and the negative electrode, it pasted up with the 
iouble roller laminator, and 5 layered structure of a positive pole collector, an anode, the crystallized glass 
composite medium, the negative electrode, and the negative pole collector was assembled. This 5 layered 
structure was immersed in the above-mentioned nonaqueous electolyte for 10 minutes at the room temperature, 
and the crystallized glass composite medium was impregnated with the nonaqueous electolyte, it was considered 
as the compound electrolyte, and the lithium secondary battery provided with this compound electrolyte as a 
separator was produced. The amount of being impregnated of the nonaqueous electolyte was about 60% of the 
nass of the compound electrolyte. The structure of this lithium secondary battery is shown in drawing 1 . In the 
ithium secondary battery of drawing 1 , an anode and 3 show a crystallized glass compound electrolyte, 4 shows a 
legative electrode, and, as for a positive pole collector and 2, 1 shows a negative pole collector 5. One layer 

nade six more layers of this lithium secondary battery of 8 cm^ laminate, finished setting up a 400mAh class 
ithium secondary battery, and did the charge-and-discharge cycle test by constant current in the room 
:emperature of 25 **. In this examination, it was considered as the charge final voltage 4.2V, the discharge final 
/oltage 3.0V, and charge speed 1 0 mA/cm^, and the service capacity of the cell was measured. The energy 
capacity of this lithium secondary battery was 1480mWh. 

"0033](Comparative example 2) At the time of production of a medium, instead of a lithium-ion-conductivity 
:jrystallized glass granular material, Except having added an equivalent amount of powdered fumed silica (Si02) by 

A/hich surface ornamentation was carried out, the lithium secondary battery was produced like Example 2, the 
charge-and-discharge cycle test was done on the conditions, and the service capacity of the cell was measured. 
]0034]The measurement result of the initial service capacity of each cell and the service capacity of a 300 cycle 
3ye obtained by Example 2 and the comparative example 2 was shown in Table 1. 
:0035] 
Table 1] 





BM^m. (mAh/cm^) 


mm 


300-y--< i7;ui 




7.4 


6.4 




5.8 


5.2 



^0036]The cell of this example 2 is understood that service capacity is large compared with the comparative 
example 2 so that clearly from Table 1. The theoretical cell capacity in this cell is about 8 mAh/cm , and by the 
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:ell of Example 2, the very near value is shown and it also turns out that it has the outstanding cell performance. 
10037]Change of the service capacity accompanying the charging and discharging cycle of each cell obtained by 
Example 2 and the comparative example 2 was shown in drawing 2. 

;0038]Also in the first stage, the far large thing of service capacity of Example 2 is clearer also in a 300 cycle eye 
:han in drawing 2 as compared with the initial capacity of the comparative example 2. That is, it became 
producible [ a high capacity lithium secondary battery ] by containing this lithium-ion-conductivity crystallized 
?lass in an electrolyte. 

;0039](Example 3) The lithium secondary battery provided with the compound electrolyte like Example 2 was 
assembled, and, similarly the charge-and-discharge cycle test under the conditions of the charge final voltage 
1.2V and the discharge final voltage 3.0V was done with the application of 3 times as much boost charge in the 
-com temperature of 25 ** as compared with Example 2. 

*0040](Comparative example 3) The lithium secondary battery was assembled like the comparative example 2, 
and, similarly the charge-and-discharge cycle test under the same conditions of the charge final voltage 4.2V and 
:he discharge final voltage 3.0V was done with the application of 3 times as much boost charge in the room 
:emperature of 25 ** as compared with Example 2. 

0041 ]The measurement result of the initial service capacity of each cell and the service capacity of a 300 cycle 

sye obtained by Example 3 and the comparative example 3 was shown in Table 2. 

0042] 

iTable 2] 





acm^m (nAh/cii') 








7.1 


5.S 


imm4 


5.4 


4.6 



;0043]The cell of this example 3 is understood that service capacity is large compared with the comparative 
example 3, and it also turns out that it has the cell performance outstanding also in boost charge so that clearly 
Tom Table 2. 

'0044]Change of the service capacity accompanying the charging and discharging cycle of each cell obtained by 
Example 3 and the comparative example 3 was shown in drawing 3 . 

!0045]Also in the first stage, the far large thing of service capacity of Example 3 is clearer also in a 300 cycle eye 
:han in drawing 3 as compared with the initial capacity of the comparative example 3. 

'0046](Example 4) The lithium secondary battery provided with the compound electrolyte like Example 2 was 
assembled, and it carried out by changing operating temperature in the charge-and-discharge cycle test under 
:he same conditions of the charge final voltage 4.2V and the discharge final voltage 3.0V. The examination was 
Jone at each temperature of -10 **, 0 **, 25 **, 50 **, and 75 **. 

0047](Comparative example 4) The lithium secondary battery was assembled like the comparative example 2, and 
t carried out by changing operating temperature in the charge-and-discharge cycle test under the same 
conditions of the charge final voltage 4.2V and the discharge final voltage 3.0V. The examination was done at 
Bach temperature of -10 **, 0 **. 25 **, 50 **, and 75 **. 

]0048]Change of the value of the initial service capacity to the operating temperature of each cell obtained by 
Example 4 and the comparative example 4 was shown in drawing 4 . 

]0049]Even if the cell of Example 4 maintains big service capacity in -10 ** to 75 **, and a wide temperature 
requirement and measures it with the comparative example 4, its excelling far is clearer than drawing 4 . 
]0050](Example 5), without using the used hexafluoropropylene HFP as a plasticizer at the time of production of a 
Tiedium, Each granular material of polyvinylidene fluoride (PVdF) and lithium-ion-conductivity crystallized glass is 
similarly used as acetone suspension with the mass ratio of 60:40, The lithium secondary battery provided with 
the compound electrolyte like Example 2 was produced except having produced the sheet-shaped crystallized 
glass composite medium. The amount of being impregnated of the nonaqueous electolyte was about 18% of the 
Tiass of the compound electrolyte. 

]0051](Comparative example 5) At the time of production of a medium, the cell was produced like Example 5 
except having added an equivalent amount of powdered fumed silica (SiOg) by which surface ornamentation was 

carried out instead of the lithium-ion-conductivity crystallized glass granular material. 

C0052]In the cell of Example 5 and the comparative example 4 which are not using the hexafluoropropylene (HFP) 
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/vhich was being used as a plasticizer. In both cases, the impregnating ability of the electrolysis solution was bad 
and had only the rate of impregnation of about 30 percent as compared with the cell of Example 4 and the 
:iomparative example 4 which use hexafluoropropylene (HFP). 

!0053]Change of the value of the initial service capacity to the operating temperature of each cell obtained by 
Example 5 and the comparative example 5 was shown in drawing 5 . 

10054]The cell of the comparative example 5 which contains an electrolysis solution only about 30 percent as 
ijompared with the comparative examples 2-4 showed only very small service capacity. In the cell of Example 5 
^hich contains an electrolysis solution only about 30 percent in a similar manner compared with it, service 
ijapacity high enough was shown, it was almost equivalent to the comparative example 4. or the capacity beyond 
t was obtained. This is based on the predominance of the lithium-ion-conductivity crystallized glass which the 
compound electrolyte was made to contain.That is, also in the case where the rate of the electrolysis solution 
which is an organic liquid component in a lithium secondary battery is reduced, it has suggested that manufacture 
Df a cell with service capacity high enough is possible, and the lithium secondary battery which was further 
3xcellent in safety as a result can be manufactured. 



^Translation done.] 
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^ NOTICES * 

IPO and INPIT are not responsible for any 
iamages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 
?.**** shows the word which can not be translated. 
J.In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



"Brief Description of the Drawings] 

Drawing 1] It is a section explanatory view showing the internal structure of the lithium secondary battery 
>rovided with the crystallized glass compound electrolyte in Example 2. 

Drawing 2] It is a graph which shows change of the service capacity accompanying the charging and discharging 
^ycle of each cell obtained by Example 2 and the comparative example 2. 

Drawing 3] It is a graph which shows change of the service capacity accompanying the charging and discharging 
:ycle of each cell obtained by Example 3 and the comparative example 3. 

Drawing 4] It is a graph which shows the initial service capacity to the temperature conditions of each cell 
obtained by Example 4 and the comparative example 4. 

Drawing 5] It is a graph which shows the initial service capacity to the temperature conditions of each cell 
obtained by Example 5 and the comparative example 5. 
'Description of Notations] 
I : Positive pole collector 
I: Anode 

J: Crystallized glass compound electrolyte 

\: Negative electrode 

i: Negative pole collector 



'Translation done.] 
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1= NOTICES * 

IPO and INPIT are not responsible for any 
iamages caused by the use of this translation. 

I. This docunnent has been translated by computer. So the translation may not reflect the original precisely. 

shows the word which can not be translated. 
i.In the drawings, any words are not translated. 



DRAWINGS 



'Drawing 1] 




^Drawing 2] 
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Drawing 3] 
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Drawing 4] 
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'Drawing 5] 
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Translation done.] 
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